Introduction {#S0001}
============

Non-small-cell lung cancer (NSCLC) is the main cause of cancer-related deaths, compromising 85% of the newly diagnosed lung cancer.[@CIT0001] Among these patients, over 65% exhibited locally advanced or metastatic disease.[@CIT0002] Based on the in-depth understanding of lung cancer genomes, NSCLC is a distinct disease with genetic and cellular heterogeneity, which is attributed to genetic mutations, like epidermal growth factor receptor (EGFR), anaplastic lymphoma kinase (ALK), and ROS1 receptor tyrosine kinase.[@CIT0003] Great achievements have been made for NSCLC treatment, such as targeted therapies (targeting EGFR, ALK, and ROS1) and immunotherapy, which can increase the survival of NSCLC patients.[@CIT0004] However, acquired resistance may pose a major clinical challenge to the targeted cancer treatment.[@CIT0002]

Gallic acid is a trihydroxybenzoic acid that can be found in several herbal medicine, food, and beverages. Apart from its antitumor potential against cancer, it also plays a functional role in diabetes, hypercholesterolemia, cardiac hypertrophy, fibrosis, and hypertension due to its excellent oxidation resistance.[@CIT0005],[@CIT0006] Gallic acid has been demonstrated to inhibit EGFR, which in turn suppresses NSCLC progression in certain condition.[@CIT0007] EGFR is implicated in the pathogenesis of several types of cancers such as colorectal cancer and liver cancer.[@CIT0008],[@CIT0009] However, the research of EGFR in NSCLC gained the most attention due to its outstanding therapeutic effects. As we mentioned above, more researches have been conducted to overcome its resistance to inhibitors. For example, TWIST1, the epithelial--mesenchymal transition (EMT) transcription factor has been demonstrated to effectively minimize the resistance to EGFR tyrosine kinase inhibitors.[@CIT0010] EGFR and PELP1 are associated with the ER-activated signaling, whose inhibition represents a novel method to circumvent hormone resistance in breast cancer.[@CIT0011] Meanwhile, CARM1 and PELP1 have been revealed to bind to each other, and inhibition of CARM1 could reduce the carcinogenic function of PELP1 in vitro.[@CIT0012] In addition, another study suggested that the repression of CARM1 was a potential therapy in NSCLC.[@CIT0013] Hence, it is reasonable to refer that the suppression of CARM1-PELP1 complex may play an anti-tumor role in NSCLC. Since the molecular mechanism underlying gallic acid in NSCLC still largely unknown, this study aimed to explore the possible relationship among gallic acid, EGFR and CARM1-PELP1 complex in NSCLC and their impacts on the NSCLC progression to provide a better understanding for the development of novel therapy for NSCLC treatment.

Materials and Methods {#S0002}
=====================

Ethics Statement {#S0002-S2001}
----------------

The current study was performed with the approval of the Animal Ethics Committee of the Affiliated Hospital of Inner Mongolia University for Nationalities. All animal experiments were performed in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health.

Cell Culture and Transfection {#S0002-S2002}
-----------------------------

Human normal lung epithelial cell line (BEAS-2B) and human NSCLC cell lines A549 and NCI-H1299 were purchased from National Infrastructure of Cell Line Resource ([<http://www.cellresource.cn/index.aspx>]{.ul}) and cultured, respectively, in Ham's F12K medium (21127022, GIBCO BRL, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS) (GIBCO BRL, Grand Island, NY, USA), 100 μg/mL streptomycin, 100 U/mL penicillin in 95% saturated humidity at 37°C with 5% CO~2~.

The cells were transfected with plasmid overexpressing PELP1 (oe-PELP1), short hairpin RNA (shRNA) targeting PELP1 (sh-PELP1) or their corresponding negative controls (NC) as per the instructions of Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). The overexpression vectors were designed and constructed by Shanghai GenePharma Co., Ltd. (Shanghai, China) using pcDNA3.1 and pRNAT-U6.1/neo, respectively.

Western Blot Analysis {#S0002-S2003}
---------------------

Total proteins were isolated from tissues and cells using radioimmunoprecipitation assay (RIPA) lysis buffer containing phenylmethylsulfonyl fluoride (PMSF). Then, 50 μg of protein was separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred onto the polyvinylidene fluoride membranes. The membranes were incubated overnight at 4°C with the following diluted primary antibodies from Abcam Inc. (Cambridge, UK): rabbit polyclonal antibody to phosphorylated EGFR (ab5644, 1:1000), rabbit monoclonal antibody to EGFR (ab52894, 1:1000), rabbit monoclonal antibody to Ki67 (ab16667, 1:1000), rabbit polyclonal antibody to Fas (ab82419, 1:1000), rabbit polyclonal antibody to Fas Ligand (FasL) (ab15285, 1:1000), rabbit anti-Cleaved-caspase 3 (ab2302, 1:1000), rabbit polyclonal antibody to Caspase 3 (ab13847, 1:1000) and rabbit polyclonal antibody to β-actin (ab227387, 1:500). After three washes with Tris-buffered saline Tween-20 (TBST) (10 min/time), the membranes were incubated with horseradish peroxidase-labeled secondary antibody goat anti-rabbit immunoglobulin G (IgG, ab97051, 1:2000, Abcam Inc., Cambridge, UK). The immunocomplexes on the membrane were visualized using enhanced chemiluminescence reagent (BB-3501, Amersham Pharmacia Biotech, Amersham, UK) and band intensities were quantified using Bio-Rad imaging system (Bio-Rad Laboratories, Hercules, CA, USA) and Quantity One v4.6.2 software. The ratio of the gray value of the target band to β-actin was representative of the relative protein expression.

Coimmunoprecipitation (Co-IP) Assay {#S0002-S2004}
-----------------------------------

The cells were lysed at 4°C for 30 mins in RIPA buffer (Thermo Fisher Scientific, Waltham, MA, USA) and centrifuged at 1300 g for 30 mins at 4°C. Subsequently, the specific antibody was mixed with the supernatant at 4°C overnight, followed by the addition of Pierce protein A/G Magnetic Beads (88803, Thermo Fisher Scientific, Waltham, MA, USA) for 4 h of incubation at 4°C. Finally, the beads following centrifugation were washed and mixed with the loading buffer, then subjected to SDS-PAGE and immunoblotting (IB) analysis.

MTT Assay {#S0002-S2005}
---------

A549 and NCI-H1299 cells were inoculated into a 96-well plate. After the cells adhered to the wall, gallic acid with different concentration was added. After the culture solution was discarded, 200 μL of serum-free culture medium containing 20 μL of MTT was added to the cells and incubated at 37°C for 4 h. Lastly, 150 μL of dimethyl sulfoxide (DMSO) was added to the cells and incubated for 10 min. The absorbance value was then measured at a wavelength of 495 nm.

Flow Cytometry {#S0002-S2006}
--------------

A549 and NCI-H1299 cells were seeded into a 6-well plate at a cell density of 5 × 10^5^ cells/mL, with 2 mL of single-cell suspension per well. After the cells adhered to the wall, the medium was aspirated and discarded. The cells were treated with gallic acid diluted in serum-free medium for 24 h. The cells in the control group were added with an equal volume of serum-free culture solution. The cells were then collected, trypsinized, followed by the addition of 100 μL binding buffer. Next, 10 μL of Annexin V-FITC staining solution and 10 μL of propidium iodide (PI) staining solution (Beyotime, Shanghai, China) were added to the cells and incubated for 10 min. Subsequently, the cells were centrifuged at a low speed and the supernatant was discarded. The cells were then mixed completely with 400 μL of binding buffer and the apoptotic rate was detected by flow cytometry.

Cell Migration Test {#S0002-S2007}
-------------------

Cell migration was measured according to a QCM Colorimetric Cell Migration Assay Kit. Briefly, the cells following 48 h of transfection were collected and made into cell suspension, which was subsequently loaded onto the apical chamber. Next, 50 μL of culture solution containing 10% FBS was added to the basolateral chamber. After 18 h of treatment with DMSO or CARM1 inhibitor, AMI-1 (10 μM, ALX-270-440, Enzo Biochem Inc., New York, NY, USA), the migrated cells were stained and the absorbance was measured at 595 nm.

Nude Mouse Xenograft Model of NSCLC {#S0002-S2008}
-----------------------------------

A total of 40 BALB/C nude mice (4 weeks old, weighing 18--22 g) were purchased from the Experimental Animal Center of Inner Mongolia Medical University. Under sterile conditions, 0.2 mL of cell suspension (l × 10^7^ cells/mL) was pipetted with a 1 mL disposable syringe and slowly injected into the right armpit of the nude mouse. The long diameter of the tumor block \>5 mm and felted lumps was indicative of the successful establishment of the NSCLC mouse model. After successful modeling, 0 μg/kg, 10 μg/kg, 20 μg/kg and 40 μg/kg of gallic acid were injected subcutaneously into the back of the neck of nude mice for 14 d (1 time/d). After administration, each mouse was intraperitoneally injected with 0.5% heparin (0.5 mL) for heparinization and then ocular blood samples were collected. The concentration of alanine aminotransferase (ALT), gamma-glutamyltransferase (γ-GT), blood urea nitrogen (BUN) and creatinine (Cr) were then detected after centrifugation. During the administration, the long diameter and short diameter of the transplanted tumors were measured by vernier calipers every 2 d, which was repeated in triplicate to obtain the average values. The tumor volume was then calculated: V = long diameter × short diameter^2^/2 and the growth curve of the transplanted tumors were plotted based on the values obtained. After 14 d, the nude mice were weighed and euthanized with carbon dioxide asphyxiation and the tumor was removed and weighted.

Statistical Analysis {#S0002-S2009}
--------------------

SPSS 21.0 statistical software (IBM Corporation, Armonk, NY, USA) was used for the statistical analyses. The measurement data were expressed as mean ± standard deviation. Data obeying normal distribution and homogeneity of variance between two groups were analyzed by unpaired *t*-test and data among multiple groups were compared using one-way analysis of variance (ANOVA), followed by a Tukey's multiple comparisons post hoc test. Data at different time points were compared by repeated-measures ANOVA, followed by Bonferroni's post hoc test. A value of *p* \< 0.05 was considered statistically significant.

Results {#S0003}
=======

Gallic Acid Disrupts the Activation of EGFR and Suppresses NSCLC Cell Viability {#S0003-S2001}
-------------------------------------------------------------------------------

To investigate the effect of gallic acid on apoptosis of NSCLC cells, the A549 and NCI-H1299 cells were treated with low-dose, medium-dose and high-dose of gallic acid. According to the preliminary experiment results, the doses (0 μM, 30 μM, 50 μM and 75 μM) which presenting better inhibitory effects on A549 and NCI-H1299 cells were selected for further experimental use.

The viability of A549 and NCI-H1299 cells was detected by MTT assay. The results showed that compared with control cells, the viability of A549 and NCI-H1299 cells treated with different doses of gallic acid (30 μM, 50 μM and 75 μM) was lower at 12 h, 24 h and 48 h post transfection, respectively (*p* \< 0.05) ([Figure 1A](#F0001){ref-type="fig"}). The apoptotic rate of A549 and NCI-H1299 cells were subsequently detected by flow cytometry. Compared with the apoptotic rate of cells treated with 0 μM gallic acid (5.27%/4.53%), higher apoptotic rates were observed in the cells treated with gallic acid at low-dose (30 μM), medium-dose (50 μM) and high-dose (75 μM) which were 11.65%/9.37%, 16.83%/13.15% and 21.98%/18.86%, correspondingly (*p* \< 0.05) ([Figure 1B](#F0001){ref-type="fig"}), showing increases in a dose-dependent manner. To investigate the possible effect of gallic acid on EGFR, further EGFR phosphorylation and protein expression of EGFR, Ki67, Fas, FasL and Cleaved-caspase 3 in A549 and NCI-H1299 cells treated with 30 μM, 50 μM and 75 μM gallic acid were detected by Western blot analysis. Results revealed that compared with the cells treated by 0 μM gallic acid, the extent of EGFR phosphorylation and protein expression of Ki67 in the cells treated with low-, medium- and high-dose of gallic acid were decreased, while the protein expression of Fas, FasL and Cleaved-caspase 3 was increased (both *p* \< 0.05) ([Figure 1C](#F0001){ref-type="fig"}). The above results indicated that gallic acid poses an inhibitory effect on NSCLC cell growth which might be achieved by blocking the activation of EGFR.Figure 1Gallic acid inhibited the development of NSCLC and repressed EGFR activation. (**A**) The viability of A549 and NCI-H1299 cells detected by MTT assay. (**B**) The apoptotic rate of A549 and NCI-H1299 cells detected by flow cytometry. (**C**) Western blot analysis of phosphorylated EGFR, EGFR, Ki67, Fas, FasL and Cleaved-caspase 3 proteins in A549 and NCI-H1299 cells. \**p* \< 0.05 vs. the control cells (0 μM of gallic acid). The above results were all measurement data and expressed as mean ± standard deviation. Comparisons among multiple groups were analyzed using one-way ANOVA, followed by a Tukey's multiple comparisons post hoc test. The cell experiment was independently repeated three times.

Activation of EGFR Promotes the Formation of CARM1-PELP1 Complex {#S0003-S2002}
----------------------------------------------------------------

Based on previous literature,[@CIT0012],[@CIT0014] we hypothesized that gallic acid may inhibit the formation of CARM1-PELP1 complex by suppressing EGFR signaling pathway, thus decelerating the carcinogenic function of PELP1.

To testify the proposed hypothesis, the binding of CARM1 to PELP1 in A549 cells was assessed by Co-IP assay. The results showed that CARM1 and PELP1 bound to each other in A549 cells ([Figure 2A](#F0002){ref-type="fig"}). Next, in order to verify the effect of EGFR signaling pathway on the binding of CARM1 and PELP1, A549 cells were serum-starved for 24 h and treated with EGF (100 ng/mL) for 8 h. Western blot analysis showed the extent of EGFR phosphorylation in the cells treated with EGF was higher than that in cells treated by DMSO (*p* \< 0.05) ([Figure 2B](#F0002){ref-type="fig"}). Results from Co-IP assay indicated that the binding of CARM1 to PELP1 was enhanced in A549 cells treated with EGF as compared to cells treated with DMSO ([Figure 2C](#F0002){ref-type="fig"}).Figure 2The binding of CARM1 and PELP1 was enhanced by EGFR activation. (**A**) The binding of CARM1 to PELP1 detected by Co-IP assay. (**B**) Western blot analysis of EGFR protein in EGF-treated A549 cells. (**C**) The binding of CARM1 to PELP1 in EGF-treated A549 cells detected by Co-IP assay. \**p* \< 0.05 vs. cells treated with DMSO. The above results were all measurement data and expressed as mean ± standard deviation. Comparisons between two groups were analyzed using the unpaired *t*-test. Comparisons among multiple groups were analyzed using one-way ANOVA, followed by a Tukey's multiple comparisons post hoc test. The cell experiment was independently repeated three times.

CARM1-PELP1 Complex Promotes the Carcinogenic Activity of PELP1 {#S0003-S2003}
---------------------------------------------------------------

In order to detect whether CARM1 was essential for the carcinogenic properties of PELP1, A549 and NCI-H1299 cells were transfected with oe-PELP1 or sh-PELP1 every 2 d, followed by treatment with CARM1 inhibitor AMI-1 (0 μM, 1 μM, 10 μM and 20 μM). After 7 d, the viability of A549 and NCI-H1299 cells was detected by MTT assay. The results showed that PELP1 overexpression enhanced the growth of A549 and NCI-H1299 cells, whereas, inhibition of CARM1 resulted in reduced PELP1-mediated viability of A549 and NCI-H1299 cells ([Figure 3A](#F0003){ref-type="fig"}). Then, A549 and NCI-H1299 cells were transfected with oe-PELP1 every 2 d, and then added with AMI-1 with a final concentration of 10 μM and treated for 12 d, followed by determination of the colony formation of A549 and NCI-H1299 cells using clonogenic assay. Results suggested that PELP1 overexpression enhanced the proliferation of A549 and NCI-H1299 cells, while inhibition of CARM1 resulted in reduced PELP1-mediated colony formation of A549 and NCI-H1299 cells ([Figure 3B](#F0003){ref-type="fig"}).Figure 3CARM1 positively regulates the carcinogenic activity of PELP1. (**A**) Cell viability of A549 and NCI-H1299 cells detected by MTT assay. \**p* \< 0.05 vs. the control cells (0 μM of gallic acid). (**B**) Colony formation abilities of A549 and NCI-H1299 cells assessed by clonogenic assay. \**p* \< 0.05 vs. cells treated by oe-NC plasmid and DMSO, ^\#^*p* \< 0.05 vs. cells treated by oe-PELP1 plasmid and DMSO. (**C**) Migration ability of A549 and NCI-H1299 cells assessed by QCM Colorimetric Cell Migration Assay. \**p* \< 0.05 vs. cells treated by oe-NC plasmid and DMSO, ^\#^*p* \< 0.05 vs. cells treated by oe-PELP1 plasmid and DMSO. (**D**) Western blot analysis of phosphorylated EGFR, EGFR, Ki67, Fas, FasL and Cleaved-caspase 3 proteins in A549 and NCI-H1299 cells. \**p* \< 0.05 vs. cells treated by oe-NC plasmid and DMSO, ^\#^*p* \< 0.05 vs. cells treated by oe-PELP1 plasmid and DMSO. The above results were all measurement data and expressed as mean ± standard deviation. Comparisons among multiple groups were analyzed using one-way ANOVA, followed by a Tukey's multiple comparisons post hoc test. The cell experiment was independently repeated three times.

Subsequently, the A549 and NCI-H1299 cells were transfected with oe-PELP1 and simultaneously treated with either DMSO or AMI-1. The migration ability was measured using QCM Colorimetric Cell Migration Assay Kit. Results showed that PELP1 overexpression elevated the migration of A549 and NCI-H1299 cells, but inhibition of CARM1 suppresses PELP1-mediated migration of A549 and NCI-H1299 cells ([Figure 3C](#F0003){ref-type="fig"}). Then, Western blot analysis showed that the expression of Ki67 was increased, while that of Fas, FasL and Cleaved-caspase 3 proteins was decreased by PELP1 overexpression in A549 and NCI-H1299 cells (*p* \< 0.05). On the contrary, the changes in the expression of Ki67, Fas and FasL proteins were all reversed by inhibition of CARM1 (*p* \< 0.05) ([Figure 3D](#F0003){ref-type="fig"}). To sum up, the increase of CARM1-PELP1 complex could enhance the carcinogenesis of PELP1.

Gallic Acid Impedes the Formation of CARM1-PELP1 Complex in a Dose-Dependent Manner {#S0003-S2004}
-----------------------------------------------------------------------------------

To investigate the effect of gallic acid treatment on the binding of CARM1 to PELP1, the A549 and NCI-H1299 cells were treated by low-dose (30 μM), medium-dose (50 μM), and high-dose (75 μM) of gallic acid, respectively. Results from immunoprecipitation experiments revealed that the CARM1 proteins immunoprecipitated by PELP1 were decreased as the dose of gallic acid increased ([Figure 4](#F0004){ref-type="fig"}). Therefore, it was suggested that gallic acid could negatively mediate the formation of CARM1-PELP1 complex.Figure 4Higher dosage of Gallic acid resulted in weaker binding of CARM1 to PELP1. The binding of CARM1 to PELP1 was detected in the A549 and NCI-H1299 cells treated with Gallic acid at different dosages by Co-IP experiment.

Gallic Acid Inhibits the Growth of NSCLC Xenografts in vivo {#S0003-S2005}
-----------------------------------------------------------

In order to explore the effect of gallic acid on NSCLC in vivo, the nude mice were treated with 10 μg/kg, 20 μg/kg, and 40 μg/kg of gallic acid, respectively. As shown in [Figure 5A](#F0005){ref-type="fig"}--[C](#F0005){ref-type="fig"}, the average volume and weight of tumors in nude mice were reduced by treatment with 10 μg/kg, 20 μg/kg, and 40 μg/kg gallic acid (*p* \< 0.05). The body weight of nude mice showed no significant difference between the control mice and the mice treated with different doses of gallic acid (*p* \> 0.05). Then, the extent of EGFR phosphorylation, and expression of EGFR, Ki67, Fas, FasL and Cleaved caspase-3 proteins in transplanted tumor tissues from the mice treated with 10 μg/kg, 20 μg/kg, and 40 μg/kg of gallic acid was detected by Western blot analysis. The results indicated that the EGFR phosphorylation level and protein expression of Ki67 in the mouse tumor tissue xenografts were decreased while the expression of Fas, FasL and Cleaved-caspase 3 proteins was elevated by treatment with 10 μg/kg, 20 μg/kg and 40 μg/kg gallic acid, respectively (all *p* \< 0.05) ([Figure 5D](#F0005){ref-type="fig"}). We further observed the effects of gallic acid treatment on the liver and kidney functions of nude mice ([Table 1](#T0001){ref-type="table"}). Finally, the binding of CARM1 to PELP1 in the nude mice treated with 10 μg/kg, 20 μg/kg, and 40 μg/kg of gallic acid was weakened in a dose-dependent manner ([Figure 5E](#F0005){ref-type="fig"}). Taken together, gallic acid plays an inhibitory role in the tumor growth of NSCLC.Table 1Liver and Kidney Function of Nude Mice After Treatment with Different Concentration of CAGroupnALT (U/L)GGT (U/L)BUN (mmol/L)Cr (μmol/L)Control1055.85 ± 6.3959.15 ± 5.296.26 ± 0.5256.68 ± 4.73CA-10 ug/kg1054.06 ± 4.5157.82 ± 6.746.18 ± 0.7155.12 ± 3.55CA-20 ug/kg1052.17 ± 5.5355.16 ± 8.156.12 ± 0.9454.36 ± 4.12CA-40 ug/kg1051.03 ± 3.9853.74 ± 6.076.09 ± 0.7652.25 ± 6.38[^1] Figure 5The growth of NSCLC xenografts was suppressed by gallic acid. (**A** and **C**) Representative images of xenograft tumors and quantitative analysis of body weight and tumor weight after treatment of 10 μg/kg, 20 μg/kg, and 40 μg/kg of gallic acid. (**B**) Volume data of the transplanted tumors at different time points after treatment with 10 μg/kg, 20 μg/kg, and 40 μg/kg of gallic acid. (**D**) Western blot analysis of phosphorylated EGFR, EGFR, Ki67, Fas, FasL and Cleaved caspase 3 proteins in transplanted tumors. (**E**) The binding of CARM1 to PELP1 in nude mice treated with 10 μg/kg, 20 μg/kg, and 40 μg/kg of gallic acid detected by Co-IP assay. The above results were all measurement data and expressed as mean ± standard deviation. Data comparison in panel B was performed by repeated measurement ANOVA, followed by Bonferroni's post hoc test. Data in panel C and D were analyzed using one-way ANOVA, followed by Tukey's multiple comparisons post hoc test. \**p* \< 0.05 vs. the control mice (without treatment of gallic acid). Comparisons between two groups were analyzed using an unpaired *t-*test, comparisons among multiple groups were analyzed using one-way ANOVA, followed by a Tukey's multiple comparisons post hoc test. Comparisons at different time points were performed by repeated-measures ANOVA, followed by Bonferroni's post hoc test, n = 10.

Discussion {#S0004}
==========

NSCLC is the most common malignancy accounting for over 80% of all lung cancers worldwide, which is paralleled with the mutations of various oncogenic drivers such as EGFR and KRAS.[@CIT0015] Interestingly, gallic acid, a common phenolic compound found in gallnuts, oak bark, sumac, grapes and tea leaves, has been identified to be a potent antioxidant drug and also been revealed to possess superb anti-tumor property.[@CIT0016] However, the study of gallic acid on NSCLC is insufficient and the molecular mechanism underlying the roles gallic acid played in NSCLC remains largely unknown. Hence, this study was designed to investigate the mechanism of gallic acid involved in NSCLC. Collectively, the data obtained suggested that gallic acid could potentially inhibit the activity of EGFR and further reduce the formation of CARM1-PELP1 complex, which ultimately impeding the NSCLC progression.

Initial results presented that after gallic acid treatment, the viability of NSCLC cells was decreased and the apoptotic rate was increased, while the activity of EGFR was decreased. A similar finding has also been concluded in other cancer cells, for instance, gallic acid has been confirmed to restrain the activation of EGFR and promote the apoptosis of mesothelioma cells and breast cancer cells.[@CIT0017],[@CIT0018] EGFR, a member of ERBB family whose mutations have been illustrated to be associated with the pathogenesis of several kinds of cancers, such as lung cancer and breast cancer, is responsible for 20% of NSCLC.[@CIT0019],[@CIT0020] Besides, EGFR has been confirmed to be inhibited by gallic acid, which acts to suppress the progression of breast cancer.[@CIT0018] We found that phosphorylation of EGFR and expression of Ki67 protein were reduced but the expression of Fas and FasL was augmented in response to gallic acid treatment in this study. Ki67 has been known to be a proliferation marker in the prognosis of cancers.[@CIT0021],[@CIT0022] Fas and FasL are two receptors capable of stimulating cell apoptosis.[@CIT0023],[@CIT0024] Fas and FasL have been illustrated previously to be increased by gallic acid, thereby inducing apoptosis of lung fibroblasts.[@CIT0025] Therefore, the above-mentioned results suggested the suppressive effect of gallic acid on the progression of NSCLC through inhibition of EGFR.

We also found that the activation of EGFR resulted in increased formation of CARM1-PELP1 complex, which could further promote the oncogenicity of PELP1. In addition, the inhibition of CARM1 has led to decreased proliferative, colony formation and migration capacities of NSCLC cells transfected with PELP1 overexpression, thus reversing the oncogenic role of PELP1. Additionally, AMI-1 (inhibitor of CARM1) has been observed to reverse the effect of PELP1.[@CIT0026] CARM1, also known as coactivator-associated arginine methyltransferase 1, has been reported to act as a tumor stimulator in many cancers. For example, the up-regulation of CARM1 has been demonstrated to promote the development of breast cancer and worsen the prognosis, causing shorter survival of breast cancer patients.[@CIT0027],[@CIT0028] Besides, another study has also suggested its oncogenic role in NSCLC progression.[@CIT0013] PELP1, as a crucial coactivator of the ER signaling pathway, has been observed to highly express in NSCLC cells, where ER signaling pathway involved in the promotion of lung cancer progression.[@CIT0029] More importantly, both CARM1 and PELP1 have been identified to bind to each other, while the inhibition of CARM1 could weaken the carcinogenesis of PELP1 dramatically.[@CIT0012] The aforementioned results indicated that the inhibition of CARM1-PELP1 complex formation may contribute to the suppression of NSCLC progression.

Another important finding was that gallic acid diminished the formation of CARM1-PELP1 complex in a dose-dependent manner. The results from Co-IP assay presented that an increased dose of gallic acid resulted in reduced CARM1-PELP1 complex formation. Therefore, it can be referred that gallic acid might inhibit the formation of CARM1-PELP1 complex to prevent cancer progression, which might be achieved by inhibiting the activation of EGFR. Gallic acid dose-dependent property has been demonstrated to decrease the growth of lung cancer cell.[@CIT0030] Furthermore, the anti-cancer property of gallic acid has also been reported in A549, a human lung adenocarcinoma cell line, in a dose-dependent manner.[@CIT0031] Importantly, gallic acid has the capacity to inhibit the tumor growth of NSCLC cells in xenograft models in vivo.[@CIT0032] Therefore, the aforementioned results were in consistent with our findings that gallic acid could potentially inhibit the tumor growth of NSCLC.

Conclusion {#S0005}
==========

In summary, this study has shown that gallic acid could inhibit the carcinogenic activity of PELP1 and suppress the development of NSCLC by inhibiting the activation of EGFR and the formation of CARM1-PELP1 complex ([Figure 6](#F0006){ref-type="fig"}). Hence, it is speculated that gallic acid might be a novel therapeutic candidate for treating NSCLC *via* impairing EGFR-dependent CARM1-PELP1 formation.Figure 6A mechanism map depicting the role of gallic acid in the progression of NSCLC *via* EGFR-CARM1-PELP1 axis. Gallic acid disrupts the activation of EGFR to inhibit the binding of CARM1 to PELP1, whereby inhibiting the carcinogenic activity of PELP1 and repressing the development of NSCLC.
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[^1]: **Abbreviations:** ALT, alanine aminotransferase; γ-GT, gamma-glutamyltransferase; BUN, blood urea nitrogen; Cr, creatinine.
